Conclusions: Since NDSR is commonly used for educational purposes, in clinical settings and in nutrition research, it is important to develop methodology for assessing diet quality through the use of HEI-2005 with this dietary analysis software application and its accompanying food and nutrient database. Results from the present study show that HEI-2005 scores can be generated with NDSR using the method described in the present study and the detailed USDA Center for Nutrition Policy and Promotion technical report as guidance.
A number of studies have assessed the diet of individuals and populations in terms of single foods, food groups, nutrients or other individual dietary components. An alternative approach is to examine the overall diet quality to reflect the complexity of food intake patterns and dietary exposure. By examining the totality of the diet through diet indices or scores, insight may be gained into the combined effects of foods, nutrients and other dietary components on various health outcomes (1) . The use of diet indices or scores designed to measure adherence to pre-established criteria may be an effective approach in the study of diet as a multi-dimensional exposure in relation to health outcomes (2) (3) (4) (5) (6) (7) (8) .
The Healthy Eating Index (HEI) is one such tool originally developed in 1995 by the United States Department of Agriculture's (USDA) Center for Nutrition Policy and Promotion (CNPP) to monitor and evaluate change in diet quality among the US population (9) . The HEI and similarly structured tools are designed to measure compliance with established dietary guidance (3, 7, 10) . They have been used for a variety of purposes, including evaluations of lifestyle interventions based in the community, school, home and clinical settings (11) (12) (13) (14) (15) , comparisons of popular diets (16) , population-level surveillance of diet quality and dietary patterns (9, 10, (17) (18) (19) and epidemiological investigations of diet-disease associations (5, 12, 16, (20) (21) (22) (23) (24) (25) . The CNPP recently revised the HEI to measure compliance with the key recommendations found in the 2005 'Dietary Guidelines for Americans' (6, 26) . Twelve individual components that correspond to these recommendations (27) are included in the revised HEI (HEI-2005): total fruit, whole fruit, total vegetables, dark green and orange vegetables and legumes, total grains, whole grains, milk, meat and beans, oils, saturated fat, sodium and energy from solid fat, alcoholic beverages and added sugars (SoFAAS). Solid fats are sources of both saturated and trans fat; alcoholic beverages refer to the ethanol in alcoholic beverages and the carbohydrates in beer and wine. A recent evaluation of the HEI-2005 with dietary data collected as a part of the National Health and Nutrition Examination Survey 2001-2002 (NHANES) with the USDA's automated multiple-pass method (AMPM) and its accompanying databases (Food and Nutrient Dietary Data System (FNDDS) and MyPyramid Equivalents Database (MPED) version 1?0 (USDA, Agricultural Research Services, Nutrition Research Group, Beltsville, MD, USA)) (28) found the index to be a reliable and valid measure of diet quality (29) . A method to calculate HEI-2005 scores using the USDA MPED and NHANES dietary data collected with AMPM is described in a recent publication (6) , and the corresponding SAS code (SAS statistical software package version 9?1; SAS Institute Inc., Cary, NC, USA) is publicly available (http:// www.cnpp.usda.gov/). Since a variety of data analysis software applications and food composition databases other than FNDDS and MPED are commonly used in nutrition research (30, 31) , it is important to develop methodology for assessing diet quality through the use of HEI-2005 with different applications and their accompanying databases. The Nutrition Data System for Research (NDSR) and its associated food composition database (Nutrition Coordinating Center (NCC) Food and Nutrient Database) are widely used to collect 24 h dietary recalls and to analyse data from dietary recalls and food records (31) (32) (33) (34) (35) . Therefore, the primary aim of the present study was to develop a method for calculating HEI-2005 using NDSR. The secondary aim was to evaluate the method by calculating HEI-2005 scores with NDSR in a subset of older adults who completed 24 h dietary recalls as a part of the Geisinger Rural Aging Study (GRAS). These scores were compared to those calculated with the USDA's FNDDS and MPED in an ageand race-matched sample from NHANES.
Methods

GRAS and NHANES samples
Two independent samples were used in the present study. One sample included a subset (n 271) of communitydwelling older adults aged 70 years and above who were enrolled in GRAS, a longitudinal, nutritional-risk screening cohort study (20 000 Pennsylvanians) . This subset of older adults had agreed to participate in a separate FFQ validation study in [2004] [2005] . Letters describing the validation study were originally mailed to 1930 individuals who were selected using a computer-generated random scheme. There were 74 % (n 1432) who met the initial eligibility criteria: free-living and residing within 120 km of a Geisinger medical clinic participating in the study. Of these older adults, 19 % (n 271) agreed to participate, attended a clinic visit, were free from major depressive disorders (Geriatric Depression Scale with a score of #6 (36) ) and cognitive impairment (Mini-Mental State Examination score $23 (37) ), and completed four 24 h dietary recalls. A sample size of at least 200 individuals was determined to be sufficient for the FFQ validation study according to power and sample size calculations. A detailed description of the GRAS cohort has been published previously (38) .
Comparative analysis was performed with an age-and race-matched subset (n 620) of the participants in NHANES 2001-2002, a cross-sectional, nationally representative survey of the US non-institutionalized civilian population conducted by the National Center for Health Statistics (NCHS), Centers for Disease Control and Prevention (CDC). Since all GRAS participants were over the age of 70 years and 99 % of the GRAS sample were nonHispanic whites, only non-Hispanic whites aged 70 years and above who completed the 24 h dietary recall in NHANES were included in the present study. Individuals with unreliable dietary data who did not meet the minimum criteria for completeness were excluded (39) . Details pertaining to the sampling procedures, study design and survey content in NHANES are documented in a previous publication (39) and are available on the NCHS/CDC website (http://www.cdc.gov/nchs/nhanes.htm). (41, 42) . Both interviewers and participants had access to posters that displayed two-dimensional illustrations of cups, spoons, bowls and other common food shapes to assist with portion size estimation (2-D Food Portion Visual; Nutrition Consulting Enterprises, Framingham, MA, USA).
Data collection in GRAS
Three separate NDSR output files were used to calculate the HEI-2005 individual component scores ( Table 1) . The Serving Count Food File was used to create scores for eight of the components: total fruit, whole fruit, total vegetables, dark green and orange vegetables and legumes, total grains, whole grains, milk and meat and beans. The sodium and saturated fat components, as well as the added sugar and a portion of the alcoholic beverages (grams of ethanol) subcomponent of SoFAAS, were calculated from the Intake Properties File. The Component/Ingredient File was used to create scores for the oil component, the solid fat subcomponent and the remaining part of the alcoholic beverages subcomponent (grams of carbohydrate from beer and wine).
The 4 d average energy (kJ) intake was used for all component calculations. When generating component scores from the Serving Count Food File, daily servings of the respective food or beverage items were averaged across the four recalls, and cup or ounce equivalents per 4?2 kJ (1 kcal) consumed consistent with MPED were determined. Since NDSR separates grains into 'refined grain', 'some grain' and 'whole grain', food items that were labelled 'some grain' were considered to be one-half whole grain and one-half refined grain, and the servings were appropriated accordingly. Daily grams of sodium, added sugar, saturated fat, and ethanol from beer, wine and liquor consumed as beverages were retrieved from the Intake Properties File and averaged across 4 d for each individual. Daily grams of sodium were determined per 4?2 kJ consumed. Grams of saturated fat, ethanol and added sugar were multiplied by 37?8, 29?4 and 16?8 kJ/g (9, 7 and 4 kcal/g), respectively. The percentage of total energy from saturated fat was determined, and the energy from added sugar and ethanol were combined with the energy from solid fat and carbohydrates from beer and wine (described below) to calculate the percentage of total energy from SoFAAS.
The third file used to calculate HEI-2005 scores was the Component/Ingredient File. This file provided the dietary information required to determine scores for the oil component, the solid fat subcomponent and the remaining portion of the alcoholic beverages subcomponent (i.e. carbohydrates from beer and wine consumed as beverages). Carbohydrates from wine and beer used as ingredients in cooking were not included. Several assumptions were necessary for the oil and solid fat calculations since NDSR does not separate all food items, --Includes total fat from mayonnaise, oil-based salad dressings, margarine (tub, liquid, spread, squeeze or unspecified type if fat content is ,80 %), oil-based condiments and oil-based snack items (e.g. potato chips, popcorn and corn tortilla chips).
----Solid fat includes the excess fat (g) from animal meats and dairy; hydrogenated oils (g) used in frying foods such as French fries; and the total fat (g) from food items in which the predominant fat(s) were saturated and/or trans fat (e.g. gravy, prepackaged cakes, chocolate candy and cream-based sauces).
such as store-bought baked goods and prepackaged snack items, into their constituent parts. Grams of total fat from non-hydrogenated vegetable oils and oils in fish, nuts and seeds were included in the oil component score. Total fat from the following food items was included in the oil component calculation: mayonnaise, oil-based salad dressings, margarine (tub, liquid, spread, squeeze or unspecified type if fat content is ,80 %), oil-based condiments (e.g. tartar sauce) and oil-based snack items such as potato chips, popcorn and corn tortilla chips. These food items were not separated into individual ingredients by NDSR, but contained mainly oil as the type of fat. The grams of fat from oil were summed by day and averaged across 4 d for each individual. Scores were determined per 4?2 kJ consumed.
Scores for solid fat were generated by summing the (i) excess fat (g) from animal meats and dairy products; (ii) total fat (g) from lard and meat drippings as well as dairy products that are primarily fat (e.g. butter, cream and cream cheese); (iii) total fat (g) from stick margarine (or unspecified type of margarine if fat content is .80 %); (iv) hydrogenated oils (g) used in frying foods such as French fries; and (v) total fat (g) from food items where the predominant fat(s) were saturated and/or trans fat (e.g. gravy, prepackaged cakes and chocolate). The excess fat in meat and poultry is considered the total fat less the allowable fat (9?28 g/100 g of food), whereas the excess fat in dairy products is considered the fat beyond the amount that would be consumed if the lowest fat variety (e.g. skimmed milk or non-fat yoghurt) had been selected. The total fat from certain food items, such as prepackaged cakes, candy, cookies and other storebought desserts, was used in the solid fat component calculation because these items are not separated into individual ingredients by NDSR but are considered to contain mainly saturated or trans fat as the type of fat. The total grams of solid fat were summed by day, averaged across the 4 d, and multiplied by 37?8 kJ/g. The energy from solid fat was combined with energy from added sugar, ethanol and carbohydrates from beer and wine, and the percentage of total energy from these subcomponents was generated. The final assignment of scores for each component followed the guidelines established by the CNPP, which are detailed in a technical report (43) .
NHANES dietary data collection and calculation of HEI-2005 with MPED
One-day dietary intake data in NHANES were collected via in-person 24 h dietary recalls by trained interviewers using AMPM, which includes an automated, five-stage multiplepass system (39) . HEI-2005 total and component scores were calculated from the NHANES dietary data using a documented SAS code (Statistical Analysis Software Package version 9?1; SAS Institute Inc., Cary, NC, USA) available on the USDA CNPP website (http://www.cnpp.usda.gov/). The SAS code was created by Guenther et al. (29) to calculate HEI-2005 scores using MPED, along with an additional database (i.e. CNPP's MPED for Whole Fruit and Fruit Juice) and NHANES data. The publicly available code was used previously by Guenther et al. (29) to evaluate the validity and reliability of the diet quality measure. The development and evaluation of the HEI-2005 are described in two recent publications (6, 29) .
Statistical analysis
The sample weights provided for analysis with the NHANES's 1-day 24 h dietary recall data were used to account for the differential probabilities of selection into the sample, non-response and non-coverage (39) . Since dietary intake differs between weekdays and weekends, the sample weights also adjust for day of the week. Demographic and health-related variables were summarized with means and standard errors for continuous variables and percentages for categorical variables. In analyses comparing nutrient intakes between GRAS and NHANES, the nutrient density approach was used to account for total energy intake -total fat and protein were expressed as percentages of total energy while dietary fibre and micronutrients were expressed as intakes per 4?2 kJ (44) . The percentage difference in the summary score and each component score between GRAS and NHANES was calculated by the following equation: ([GRAS mean score 2 NHANES mean score)/GRAS mean score] 3 100. The GRAS and NHANES participants were compared with Student's t tests for continuous data and x 2 tests for categorical data. Cronbach's coefficient a was used to measure the internal consistency of the HEI-2005 individual components in both samples. Pearson's correlation coefficients between each individual component and the total score -less the individual component in the correlation test -were examined to determine which components had the greatest influence on the HEI-2005 summary scores in GRAS and NHANES. A P value of ,0?05 was considered statistically significant for all statistical tests. The publicly available method for generating HEI-2005 scores is an SAS code (6) ; therefore, SAS statistical software package version 9?1 was used for the generation of HEI-2005 scores with NHANES data. To account for the complex survey design of NHANES data, STATA statistical software package version 10?1 (StataCorp., College Station, TX, USA) survey commands were used for statistical analyses. Table 2 provides summary statistics for NHANES and GRAS. There were 82 % of GRAS participants compared to 72 % of NHANES participants who had at least a high school education (P , 0?001). Mean BMI values were comparable between GRAS and NHANES (28?0 kg/m 2 v. 27?5 kg/m 2 , respectively), whereas mean waist circumference was modestly lower in GRAS compared with NHANES (95?7 cm v. 99?4 cm, respectively). Total energy intake and the percentage of total energy from fat were significantly greater in NHANES compared with GRAS. The percentage of total energy from protein and dietary fibre intake per 4?2 kJ was significantly greater in GRAS (all P values ,0?05). Energy-adjusted dietary intakes of calcium, vitamin C and folate did not differ significantly between samples. Table 3 presents results from the comparisons of HEI-2005 total and component scores between GRAS and NHANES. The total fruit and sodium component scores did not differ significantly between samples, whereas scores on the remaining ten components, as well as the total score, differed significantly at P , 0?05. Percentage differences between samples show the degree to which scores differed. Of the twelve component scores, seven, as well as the summary score, differed by ,10 %. Sodium component scores were identical in GRAS and NHANES. The largest percentage difference between samples was for whole grains (48?8 %).
Results
Cronbach's coefficient a values of 0?52 and 0?43 were calculated for the HEI-2005 scale in GRAS and NHANES, respectively. The individual component scores most strongly correlated with the total score -less the specified component in the correlation test -in GRAS were the SoFAAS (0?60), saturated fat (0?53), whole fruit (0?43), total vegetables (0?43) and total fruit (0?40) components (all P , 0?001). In the NHANES data, HEI-2005 was most strongly correlated with the SoFAAS (0?55), total fruit (0?39), saturated fat (0?33) and whole fruit (0?31) components (all P , 0?001; data not shown).
Discussion
Findings from the present study indicate that the specific and detailed guidelines established by the CNPP to calculate HEI-2005 (43) can be applied to other dietary data analysis systems such as NDSR. Generating component scores in NDSR for total fruit, whole fruit, total vegetables, dark green and orange vegetables and legumes, total grains, milk, meat and beans, saturated fat and sodium corresponds closely to the method described in the CNPP technical report. There is a key distinction between FNDDS and NDSR, which explains the need for additional steps to calculate the whole grain, oil and SoFAAS components with NDSR. NDSR does not separate most packaged and store-bought whole food items (e.g. packaged snack items, ready-to-eat cereal and pre-made soup) into individual ingredients, although it does separate home-made recipes and formulas into individual ingredients. On the other hand, MPED separates all food mixtures into single ingredients. For this reason, the food group serving files rather than the food ingredient files were used to calculate the whole grain component, which offers a potential explanation for the greater whole grain component score in GRAS (3?22) compared with NHANES (1?65). The food group serving files in GRAS divide whole grains into three categories ('whole', 'some' and 'refined'), and since the 'some' whole grain food items were considered to be one-half whole grain and one-half refined, whole grain intake may have been overestimated in GRAS. The availability of whole grain products and the composition of grain products in the US food supply between the NHANES data collection period (2001) (2002) and the GRAS data collection period (2004) (2005) have increased (45) , which may partially explain the estimated difference in the whole grain component scores between study populations. Although minor adjustments to the CNPP method for calculating oil and SoFAAS scores were required, the small percentage differences in component scores between GRAS and NHANES suggest that these modifications may not substantially alter the estimation of scores.
Differences in HEI-2005 total and component scores between samples may be partially explained by additional differences beyond those related to the dietary data analysis systems. Despite the selection of an age-and race-matched subset of the NHANES sample, the two study populations differed with regard to several demographic characteristics and dietary intake factors. GRAS is a nutritional-risk screening study of older adults residing in rural Pennsylvania, whereas NHANES is a study designed to provide nationally representative estimates for the health and nutritional status of the civilian, noninstitutionalized US population; dietary intake patterns and overall diet quality may vary significantly by geographic region (24, 46) . (47, 48) . A greater percentage of GRAS participants compared with NHANES participants completed high school, and higher levels of educational attainment have been associated with increased measures of overall diet quality (49) . The lower mean SoFAAS score, which reflects higher intakes of saturated fat, trans fat, alcoholic beverages and/or added sugar, in NHANES was most likely related to the greater percentage of total energy from fat. It may also be related to the higher scores observed in the milk component, which reflects greater intakes of both high-fat dairy products and lower-fat varieties. The modestly higher energy-adjusted intakes of dietary fibre, vitamin C and folate in GRAS are reflected in the higher scores in the four fruit and vegetable components as well as the whole grain component; the higher proportion of energy from protein in GRAS is reflected in the higher meat and beans score.
The internal consistency of the HEI-2005 as measured by Cronbach's coefficient a is low in both GRAS (0?52) and NHANES (0?43) (50) . Since diet quality is a complex, multi-dimensional construct (51, 52) , it is expected that most individuals would not consistently achieve high or low scores on all twelve individual components. Very high and very low summary scores most likely would reflect similar underlying dietary patterns. Mid-range scores, however, would not necessarily reflect similar dietary patterns because such scores could be achieved with midrange scores on all of the individual components that comprise the index, or with various combinations of minimum, mid-range and maximum scores on the individual components (29, 52) . Results from evaluating internal consistency in GRAS suggest that HEI-2005 scores generated using NDSR do not significantly alter the implication and interpretation of scores.
The HEI-2005 has a number of applications, including evaluations of community-based lifestyle interventions, population-level surveillance of overall diet quality, evaluations of educational initiatives and epidemiological investigations of diet-disease associations. By exploring the individual HEI-2005 components in a population, key areas of concern could be identified, which could provide guidance for the development of public policies and prevention efforts to improve public health (53) . It is important to develop and evaluate methods for generating scores with commonly used data analysis software applications and food composition databases such as NDSR and its accompanying food and nutrient databases (30, 31) . Our findings show that HEI-2005 scores can be generated with NDSR using the method described in the present study and the USDA CNPP's detailed report (6) as guidance.
